Cytokines are locally produced in the anterior pituitary and act through para-/autocrine mechanisms to modulate cell growth and hormone production. 5 -Deiodinases type I (D1) and type II (D2) are also expressed in the anterior pituitary and play an integrative role in the regulation of hormone production and pituitary feedback. D1 activity is known to be regulated by proinflammatory cytokines in liver and thyroid. Therefore, we examined the effects of IL-1 , IL-6 and TNF on 5 -deiodinase activities in reaggregates of rat anterior pituitaries and rat somatomammotroph GH3 cells cultured alone, or in a bicameral culture system together with the murine folliculo-stellate (FS) cell line TtT/Gf. In reaggregate cultures of rat anterior pituitaries IL-1 stimulated D1 and D2 dosedependently and D2 activity was increased by TNF . When GH3 cells were cocultured with TtT/Gf cells, D2 activities were 2·3-fold lower than in GH3 cells cultured alone. TNF (50 ng/ml) and IL-6 (100 U/ml) stimulated D2 in GH3 cells when the cells were cultured alone and treated with these cytokines for 24 h. When TtT/Gf cells in the coculture model were treated with IL-1 , TNF and IL-6, no effect on D1 or D2 activities in GH3 cells was observed.
Introduction
Cytokines are known to be multipotent mediators of the bidirectional interaction between the immune and endocrine system. In the anterior pituitary a cytokine network of agonists, receptors and antagonists exists and pituitary functions are modulated by cytokines (for review see Besedovsky & Ray 1996 , Ray & Melmed 1997 . Thyroid hormones also play an important role for various functions of the anterior pituitary. Tri-iodothyronine (T 3 ), the main active form of thyroid hormones, is locally generated by 5 -deiodination of -thyroxine (T 4 ) via two distinct deiodinase isoenzymes (D1 and D2) (Köhrle 1994) . D2 is involved in thyroid-stimulating hormone (TSH) feedback regulation especially under hypothyroid conditions (Köhrle 1999 , Larsen et al. 1981 . Apart from D2, D1 is also expressed in the anterior pituitary (AP) and may play an important integrative role in the regulation of hormone production and pituitary feedback regulatory mechanisms (Köhrle 1996 , 1999 , Köhrle et al. 1995 , Braverman 1994 . It is known that D1 is modulated by cytokines but the reports are controversial depending on species, method of cytokine application and organs concerned (Ozawa et al. 1988 , Pang et al. 1989 , Tang et al. 1995 , Pekary et al. 1994 , Ongphiphadhanakul et al. 1994 , Davies et al. 1997 . Therefore, we examined the effects of interleukin-1 (IL-1 ), interleukin-6 (IL-6) and tumor necrosis factor (TNF ) on pituitary deiodinase activities in reaggregates of rat APs since maintenance of cell-cell communication and interaction is known to affect their functional and regulatory properties in comparison to monolayer cultures , Rawlings & Hezareh 1996 . Folliculostellate (FS) cells were proposed to modulate pituitary hormone release in a paracrine manner and thus to act as a link between the hormone and the cellular immune system (Baes et al. 1987 , Ferrara et al. 1987 . To study the effects of proinflammatory cytokines we established cocultures of rat somatomammotroph GH3 cells which express functional 5 -deiodinase enzymes (Baur et al. 1997) with TtT/Gf cells, a murine cell line (Inoue et al. 1992 ) that shares typical characteristics of FS cells, including the ability to produce IL-6 (Renner et al. 1997) . As systemically administered LPS stimulates the expression of IL-1 and TNF in the pituitary of rats (Whiteside et al. 1999) we examined the effects of a single LPS injection (i.p.) on pituitary deiodinase expression in male, adult rats.
In the pituitary, the exact mechanisms of cytokine action on the expression of hormones and pituitary-specific genes are still unclear. IL-1 and TNF are known to mediate some of their effects by activating the intracellular transcription factor NF B (Baeuerle & Baltimore 1996 , Hill & Treisman 1995 . Activated transcription factors are translocated to the nucleus and can directly alter gene expression by binding to distinct DNA elements. Therefore, we used electrophoretic mobility shift assays (EMSAs) to examine whether NF B is also activated by these cytokines in reaggregates and in TtT/Gf cells.
Materials and Methods

Chemicals
All chemicals were of biochemical or analytical grade. Cell culture media, fetal calf serum, horse serum and antibiotics were purchased from Gibco BRL-Life Technologies GmbH (Eggenstein, Germany). Additives for the serum-free culture medium and other chemicals were purchased from Boehringer (Mannheim, Germany), Merck (Darmstadt, Germany), Sigma (Munich, Germany) and Baker Chemikalien (Gro -Gerau, Germany). Recombinant human (rh) cytokines were purchased from PBH (Hannover, Germany). A NF B consensus-site oligonucleotide was purchased from Promega (Madison, WI, USA). Antibodies were purchased from Santa Cruz Biotechnology (Santa Cruz, CA, USA).
Reaggregate cultures of anterior pituitary cells
Anterior pituitaries were removed from adult male Cara rats after decapitation and processed according to the protocol of Denef et al. (1989) . After 2 days in culture reaggregates from two 35 mm petri dishes were transferred to one 60 mm petri dish and half the serum-free medium was replaced by 2 volumes of fresh medium. After 5 days, half the medium was removed and substituted by fresh medium containing test reagents as indicated. After 48 h the reaggregates were harvested, washed once with icecold PBS and homogenized by sonication (10 times, 0·5 s, 300 W) in ice-cold homogenization buffer (250 mM sucrose, 20 mM HEPES, 1 mM ethylenediamine tetraacetic acid, 1 mM dithiothreitol (DTT), pH 7·0). For EMSAs, reaggregates from male adult Sprague-Dawley rats were incubated with IL-1 (10 ng/ml) and TNF (50 ng/ml) for 2·5 h and nuclear extracts were prepared as described by Grandison et al. (1994) .
Cell culture
GH3 cells (ATCC No.CCL. 82·1) and TtT/Gf cells (Inoue et al. 1992) were routinely cultured in Ham's F10 medium supplemented with 15% horse serum, 2·5% fetal calf serum and antibiotics (penicillin 10 U/ml, streptomycin 0·1 mg/ml). Cells were maintained at 37 C in a humidified atmosphere of 5% CO 2 and 95% air. For 'coculture' experiments GH3 cells were plated in sixwell tissue culture plates and TtT/Gf cells were plated in cell culture inserts (0·4 µm pore size, PET 'tracketched' membrane, Falcon, Becton Dickinson GmbH, Heidelberg, Germany). The inserts were then placed in the six-well plates containing the GH3 cells. Thus, the cells were grown in a two compartment system with GH3 cells at the bottom and TtT/Gf cells on top, separated by a permeable membrane. As control, inserts with TtT/Gf cells were placed in six-well plates containing only medium. The cells were incubated until TtT/Gf cells achieved confluence with maximal transepithelial resistance. Then the medium of both compartments was replaced by fresh medium supplemented with the respective test reagents. At the indicated time points cells were washed once with ice-cold PBS, GH3 cells were scraped into ice-cold homogenization buffer and sonicated as described above. Nuclear cell extracts of TtT/Gf cells were prepared as described by Grandison et al.(1994) . For some nuclear extracts TtT/GF cells were cultivated in 25 cm 2 culture flasks and for experimental studies under serum-free conditions cells were maintained in serum-free medium (DMEM-F12 (1:1), 15 mM HEPES, 15 mM TES, 20 µM ethanolamine, 25 nM sodium selenite, 5 mg/l insulin, 0·9 g/l BSA, 40 mg/l transferrin, 1 mg/l catalase, 10 mM ethanol, 35 mg/l penicillin, 50 mg/l streptomycin) for 24 h. On the day of the experiment medium was replaced by fresh medium supplemented with test reagents as indicated.
Animal treatment
Male, adult Sprague-Dawley rats were kept under standard housing conditions (12 h day/night cycle) and received a single injection of LPS (0·5 mg/kg or 2·5 mg/kg BW) or vehicle (0·9% NaCl) i.p. and were killed by decapitation at the indicated time points (1 h, 4 h, 6 h, 24 h and 48 h ). Blood was collected from every animal for serum preparation. Serum was stored at 80 C until use.
Preparation of pituitary and liver homogenates
After decapitation pituitaries were removed, AP and posterior pituitary (including intermediate lobe) were separated and immediately frozen on dry ice blocks. Livers were removed and immediately frozen in liquid nitrogen. Tissues were stored at 80 C until use. Single APs were homogenized by sonication as described above, fragments of single livers were homogenized using a glass-teflon potter (Braun, Melsungen, Germany). The protein contents of the homogenates were determined by a modified Bradford protein assay (Biorad, Munich, Germany) using gamma-globulin as protein standard (Bradford 1976) .
Biochemical assays
Specific activities of D1 and D2 were determined in parallel by the release of 125 I
-from 3,3 ,5 -[ 125 I]-triiodothyronine (rT 3 , DuPont, Bad Homburg, Germany) in the absence or presesence of 1 mM PTU (6-n-propyl-2-thio-uracil) using 10 nM non-radioactive rT 3 for pituitary and cell-culture homogenates and 10 µM for liver homogenates (Leonard & Rosenberg 1980) . The fraction of iodide release blocked by 1 mM PTU was assigned to D1, the residual activity not inhibited by PTU was ascribed to D2. 5 -Deiodinase activities of each sample were determined in triplicates and expressed as fmol 125 I -released per min, per mg protein.
Determination of TSH
Serum TSH levels were determined by RIA using materials supplied by the National Hormone and Pituitary Program (Rockville, MD, USA). The rat-TSH antiserum was rTSH-S-5. For iodination rTSH-I-9 was used. TSH levels were expressed in relation to the reference preparation rTSH-RP-2. Cross-reactivity with other pituitary hormones was less then 0·1%. Sensitivity of the RIA was 0·2 ng/ml with an intra-and interassay variance of 6·5% and 10·9% respectively. The RIA was performed according to the instructions of the provider.
Electrophoretic mobility shift assays (EMSA)
The protein concentrations of the nuclear extracts were measured as described above with 6-15 µg being used for EMSAs (equal amounts of protein for a single experiment).
Oligonucleotides were labeled with [ 32 P]-ATP using T 4 polynucleotide kinase. Binding reactions were performed for 30 min at room temperature in reaction buffer described by Grandison et al. (1994) . Labeled oligonucleotide (20 000 c.p.m.) was used for each binding reaction. The sequence of the NF B oligonucleotide is as follows (Sen & Baltimore 1986) : 5 -AGTTGAGGGGACTTTCCC AGGC-3 . Supershifts were performed with an antibody directed against the NF B subunit p65. 1 µl of the antibody (1 mg/ml) was added to the nuclear extracts prior to the addition of labeled oligonucleotide.
Statistical analysis
Data were analyzed by multiple ANOVA. When the main effect was significant, the Mann-Whitney U test was applied as the posthoc test to determine individual differences between means.
Results
Effects of IL-1 , IL-6 and TNF on 5 -deiodinase activities in reaggregate cultures of rat anterior pituitaries
In AP reaggregates of male adult rats the incubation with 100 ng/ml IL-1 for 48 h led to a 1·8-fold stimulation of D1. The activities of D1 after incubation with IL-6 and TNF were always higher than control but this increase did not reach values of significance due to variations between the individual wells (Fig. 1a) . The activity of D2 was significantly enhanced both by 100 ng/ml IL-1 (5·9-fold over basal levels) and by 25 ng/ml TNF (4·6-fold over basal levels) (Fig. 1b) . The effect of TNF was biphasic. 100 ng/ml TNF did not stimulate D2 activity and IL-6 exerted no effect at either concentration.
Effects of IL-1 , IL-6 and TNF on deiodinase activities in rat somatomammotroph GH3 cells cocultured with TtT/Gf cells
Coculture of hormone-producing cells with FS-cells is known to modify their response to cytokines. Treatment with IL-1 for 24 h did not alter D1 activity in GH3 cells (Fig. 2a) cultured alone (filled bars) or together with FS cells (shaded bars) in the presence of serum, irrespective of whether IL-1 was added directly to GH3 cells alone (third and fifth column) or to FS cells in the coculture model (fourth and sixth column). However, coculturing GH3 cells with TtT/Gf cells led to a 2·3-fold inhibition of D2 activity compared with the activity in GH3 cells cultured without TtT/Gf cells (Fig. 2b) . In GH3 cells that were cultured alone, no direct significant effect of either of the IL-1 concentrations on D2 was observed (Fig. 2b , fourth and sixth column). In a second series of experiments, coculturing GH3 cells with TtT/Gf cells again led to a 2·3-fold inhibition of D2 in GH3 cells (Fig. 3b , second column) compared with activities in GH3 cells cultured alone (Fig. 3b, first column) . No effect on D1 in GH3 cells was observed after TNF (50 ng/ml) and IL-6 (100 U/ml) treatment of TtT/Gf cells or direct treatment of GH3 cells for 24 h (Fig. 3a) . However, TNF as well as IL-6 stimulated D2 activities (2-fold and 1·5-fold respectively) compared with the control when GH3 cells were cultured alone, and directly treated with these cytokines for 24 h (Fig. 3b) . D2 activity of GH3 cells was not altered in the coculture model either when the TtT/Gf cells were treated with TNF , or with IL-6, for 24 h (Fig. 3b) .
Effects of LPS on deiodinase activities in rat somatomammotroph GH3 cells co-cultured with TtT/Gf cells
When GH3 cells were cultured alone and treated with LPS (2 µg/ml) for 6 h D1 activity was not significantly stimulated compared with control (Fig. 4a, solid  bars) . However, LPS treatment of the TtT/Gf cells that were cocultured with the GH3 cells led to a significant stimulation of D1 activity in GH3 cells (Fig. 4a, shaded  bars) . No effect on D2 activities was observed after treatment with LPS for 6 h (Fig. 4b) . The LPS effect on D1 activity was transient -24 h after LPS treatment, D1 activity reached basal levels (Fig. 4c) . Decreased D2 activities in GH3 cells that were cocultured with TtT/Gf cells for another 24 h, were not changed by LPS treatment (Fig. 4d ) .
Effects of a single LPS injection in vivo in male, adult rats
A single injection of LPS (2·5 mg/kg BW) i.p. in male, adult rats led to a transient stimulation of D1 in the anterior pituitary. One hour after LPS application, specific D1 activities were 1·5-fold higher than in APs of untreated controls but as soon as 4 h after LPS treatment, D1 activities in the AP reached basal levels (Fig. 5a) . Four hours after a single LPS injection (2·5 mg/kg BW) serum TSH levels and D1 activities in the liver were decreased (to 37% and 64% of untreated controls, respectively). TSH levels were still slightly, but not significantly decreased 6 h after LPS treatment (data not shown) and reached basal levels after 24 h (Fig. 5c) . Specific D2 activities in the APs were stimulated by LPS (2·2-fold compared with untreated controls) 24 h after application (Fig. 5b) . At 1 h and 4 h after LPS application D2 activities in the AP were not changed compared with control. 6 h after treatment, D2 activities were slightly increased, but this stimulation was not significant (data not shown). 48 h after treatment D2 activities reached basal levels again (data not shown). The effects of LPS were dose dependent. A single injection of 0·5 mg/kg BW LPS had similar effects but to a lesser extent (data not shown).
EMSAs with nuclear extracts of reaggregates
EMSAs were performed in order to identify DNAbinding proteins which, after activation by cytokines, might transduce these signals in reaggregates and TtT/Gf cells. Nuclear extracts of reaggregates formed a specific protein-DNA complex with a radiolabeled NF B oligonucleotide (Fig. 6, lane 1) . Incubation of reaggregates with IL-1 (10 ng/ml) (Fig. 6 , lane 2) and TNF (50 ng/ml) (Fig. 6, lane 3) for 2·5 h led to an activation of NF B compared with control. NF B activation induced by TNF was stronger than when induced by IL-1 . The addition of an antibody directed against the NF B subunit p65 resulted in the formation of a supershifted band (Fig.  6, lane 4) . Addition of excess unlabeled oligonucleotide led to the complete disappearance of the retarded band (Fig. 6 , lane 5). Supershifting and competition by unlabeled oligonucleotide ensured specificity of the retarded band.
EMSAs with nuclear extracts of TtT/Gf cells
In TtT/Gf cells, incubation with IL-1 (100 ng/ml) for 90 min activated NF B-DNA binding (Fig. 7 , lane 2) compared with untreated controls (Fig. 7, lane 1) in the presence of serum as well as under serum-free conditions (Fig. 7, lane 3: control, lane 4: IL-1 ). Activation of NF B by IL-1 under serum-free conditions was as strong as in the presence of serum. Addition of excess unlabeled Figure 3 Effects of TNF (50 ng/ml) and IL-6 (100 U/ml) on D1 (a) and D2 (b) activity in GH3 cells cultured alone (solid bars) or cocultured with TtT/GF cells (shaded bars) as described in Materials and Methods 24 h after application. In the coculture model TtT/Gf cells were treated with the cytokines. Values are means S.E.M. of triplicates of two independent experiments (n=6). *P<0·05; **P<0·005; ***P<0·0005.
oligonucleotide led to disappearance of the retarded band (Fig. 7 , lane 5) and incubation with an antibody against the NF B subunit p65 produced a supershifted band (Fig. 7,  lane 6) .
TNF , a well-known activator of NF B, was effective in TtT/Gf cells. When the cells were incubated with 50 ng/ml TNF for 24 h, activation of NFkB was observed compared with the control (Fig. 8, lanes 1, 2: control; lanes 3, 4: TNF 25 ng/ml). Again the addition of an antibody against the NF B subunit p65 resulted in the formation of a supershift (Fig. 8, lane 5) but not the addition of an antibody against AP1 (Fig. 8, lane 6) . This ensures specificity of the p65 antibody.
When TtT/Gf cells that were cocultured with GH3 cells were treated with TNF for 24 h, the same activation of NF B occurred (Fig. 9 , lanes 1,2: control; lanes 3, 4: TNF 50 ng/ml) as in TNF -treated TtT/Gf cells cultured alone. There were also no differences in NF B activation by IL-1 between cocultured TtT/Gf cells and TtT/Gf cultured alone (data not shown). Treatment with IL-6 (100 U/ml) for 24 h had no effect on NF B activation, either in coculture experiments or in TtT/Gf cells cultured alone.
Discussion
Proinflammatory cytokines exert effects on liver and thyroid D1, although the effects reported are controversial. In rat FRTL-5 thyroid cells, basal and TSH-induced D1 activity is inhibited by IL-1 , IL-6 and TNF , and D1 mRNA levels are reduced by IL-1 and IL-6, but not by TNF (Hashimoto et al. 1995) . In mouse liver D1 is stimulated by IL-1 (Fujii et al. 1989 ) but is not affected by TNF (Ozawa et al. 1988) . However, in rat liver D1 is inhibited by TNF (Pang et al. 1989 , Tang et al. 1995 in vivo but stimulated by TNF , IL-1 and IL-6 in vitro in rat liver 1 cells (Davies et al. 1997) . These findings imply that proinflammatory cytokines exert different effects on D1 in different organs, different species and different models. In this study we now demonstrate that D1 as well as D2 activities are modulated by proinflammatory cytokines in reaggregates of rat APs and rat somatomammotroph GH3 cells. In reaggregates and GH3 cells D1 and D2 are expressed, although the activities of D2 are an order of magnitude lower. Moreover in GH3 cells that were cocultured with TtT/Gf cells, D2 activity was further decreased. The effect of TNF on D2 activity in reaggregates was biphasic, producing stimulation at lower, but not at higher concentrations. A biphasic response to TNF has also been described for several endpoints in vitro, e.g. superoxide generation in chondrocytes (Ahmadzadeh et al. 1990) , arachidonic acid release of monocytes (Nokta et al. 1995) and cell proliferation of osteoblasts (Frost et al. 1997) .
Folliculo-stellate cells that do not produce hormones are known to influence hormone-producing AP cells by secreting humoral factors (Baes et al. 1987 ) including IL-6 (Vankelecom et al. 1989 (Vankelecom et al. , 1993 , and to mediate the effects of INF on hormone secretion in rat AP cells (Vankelecom et al. 1992) . Murine TtT/Gf cells (Inoue et al. 1992) share many typical characteristics of FS cells and therefore provide a good model for in vitro studies of paracrine interactions between hormone-producing cells of the AP and the FS cells. In addition, the reaggregate culture model of the rat AP combines several hormone-producing and FS cells. The effects of TtT/Gf cells on D2 activity is mediated by humoral, paracrine factors and not by direct cell-cell interactions since in the bicameral coculture model used, direct contact between the two cell lines is not possible. TtT/Gf cells in our model produced IL-6, TtT/Gf cells were cocultured with GH3 cells as described in materials and methods. Lanes 1 and 2: control; lanes 3 and 4: TNF (50 ng/ml) 24 h; lane 5: TNF (50 ng/ml) 24 h, nuclear extract incubated with an antibody directed against NF B subunit p 65; lane 6: TNF (50 ng/ml) 24 h, nuclear extract incubated with an antibody directed against AP1.
with IL-1 being a stimulator of IL-6-production (data not shown), but it is unlikely that IL-6 produced by TtT/Gf cells is responsible for the inhibition of D2 activity in GH3 cells, because direct treatment of GH3 cells with IL-6 revealed stimulatory effects. Stimulation of D2 activity by IL-1 was observed in reaggregates but not in the coculture experiments, when either GH3 cells directly received IL-1 or when TtT/Gf cells were treated with the cytokine. This implies that IL-1 exerts its effects on D2 activity either in cell types of the anterior pituitary other than somato-and mammotroph cells or when the presence of other cell types, apart from FS cells, is needed to mediate the effects in a paracrine manner. Alternatively direct cell-cell contact may be required. Wassen et al. (1996) recently reported that IL-1 , as well as TNF , decreases basal but not TRH-induced TSH release from AP cells cultured as monolayers in the presence of serum. These effects were not due to elevated thyroid hormone uptake or increased T 3 nuclear occupancy. Moreover, effects on the release of other pituitary hormones were not observed and no clear dose-dependent effects were reported. Our findings imply that reaggregates are a more suitable model than monolayer primary cultures to examine cytokine-mediated effects in the AP on deiodinase activities. Reaggregates of the AP provide a more physiological model since the three-dimensional, tissue-like organization provides cell-cell communication and para-/autocrine interactions between different cell types of the AP are facilitated. Cell-cell contact between different AP cell types has recently been shown to enable communication by gap junctions and rapid signal transduction between cells (Morand et al. 1996) . Furthermore, reponsiveness of AP cells to various signals and gene expression is modulated by cells in their neighbourhood (Abraham et al. 1996) .
LPS treatment of male, adult Sprague-Dawley rats showed that components involved in thyroid hormone metabolism were changed. D1 activites in the liver were decreased. It is thought that decreased D1 activities in the liver play an important role in the pathogenesis of the low T 3 syndrome observed in nonthyroidal illness (Docter et al. 1993) . The first change after LPS treatment, however, was a transient stimulation of D1 activities in the anterior pituitary, preceeding changes in serum TSH levels and liver D1 activities. Changes in D1 activity in the AP could be due to the action of locally produced cytokines and these changes might be involved in subsequent TSH suppression. IL-1 mRNA is rapidly induced in anterior pituitaries of rats, with maximal levels at 0·5-1 h after LPS application followed by the induction of mRNA of IL-1 converting enzyme, IL-1 receptor antagonist and TNF 2 h after LPS treatment (Whiteside et al. 1999 , Quan et al. 1998 . Stimulation of the D2 activities 24 h after LPS application could be either due to direct stimulation by locally or systemically produced cytokines, or caused by reduced thyroid hormone levels as a consequence of inhibitory actions of cytokines on thyroid hormone secretion. The in vitro experiments on the regulation of deiodinases by proinflammatory cytokines were done with cell-lines or primary cell culture of APs of rats. Therefore, we also used rats for the in vivo experiments, but the observed effects of a single i.p. LPS injection were not very prominent and only transient. Sprague-Dawley rats seem to be quite insensitive towards a single LPS application. Despite the large amount of LPS used, no changes in selenoprotein P mRNA levels (Dreher et al. 1997) that are decreased in livers of LPS treated mice (I Dreher, personal communication), were observed in rat livers (data not shown) and the animals did not show signs of severe illness in their behaviour. Nevertheless, 5 -deiodinase activities and TSH levels were changed by LPS treatment, suggesting that components involved in thyroid hormone metabolism are more sensitive to LPS treatment than other possible targets. The presence of folliculo-stellate cells seems to be necessary for the stimulating effect of LPS on D1 activity as D1 activity in GH3 cells is only stimulated by LPS if the cells are cocultured with TtT/Gf cells but not when the cells are cultured alone.
Proinflammatory cytokines are locally produced in the anterior pituitary and IL-1 is able to induce the TtT/GF cells were cultured alone in membrane inserts as described in material and methods. Lanes 1 and 2: control; lanes 3 and 4: TNF (50 ng/ml) 24 h.
production of IL-6 (Koenig et al. 1990 , Spangelo et al. 1990 , Vankelecom et al. 1989 . The IL-6-gene contains a NF B binding site in its promoter region and IL-6 gene expression is activated by NF B (Libermann & Baltimore 1990) . By EMSAs we demonstrated that IL-1 and TNF led to an activation of the transcription factor NF B in reaggregates of rat AP and in TtT/Gf cells. These findings suggest that gene expression induced by IL-1 and TNF is in part mediated via the activation of NF B in the anterior pituitary.
In the present study we demonstrate that in anterior pituitary cells, including somatomammotrophs, 5 -deiodinase activities are stimulated by proinflammatory cytokines in a para-/autocrine manner and the activation of cytoplasmatic transcription factors suggests that transcriptional modulation is involved in this regulation. Nevertheless, stimulation of D1 activity in the AP after LPS treatment was very rapid (1 h) and only transient (basal levels were reached after 4 h), suggesting that mechanisms other than transcriptional regulation, e.g. the effects of T 3 on D1 in the AP (Köhrle et al. 1995) or new protein synthesis, e.g. the effects of IL-1 , TNF and IL-6 in human liver cells, are responsible for this stimulation. Up to now the exact mechanism of this stimulation is not known and remains to be investigated.
The stimulation of both 5 -deiodinase-isoenzymes (D1 and D2) in the AP by proinflammatory cytokines may play a causal role for decreased TSH levels observed during non-thyroidal illness. Whether other cell types, such as tanycytes, recently identified as D2 expressing cells (Tu et al. 1997 , Guadano-Ferraz et al. 1997 are additionally involved in TSH feedback regulation of thyrotroph cells remains to be studied.
